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abstract 


Zinc  and  manganese  phoaphatad  ataal  panala  vara  axpoaad  to 
high  frequency  vibrationa  (uleraaonlc  claanlng)  In  varloua 
madia  to  datermtno  tha  effect  of  thla  claanlng  proeaduva 
on  tha  corroalon  raalatanea  of  tha  eoatad  panala.  Phoe- 
phatad  panola  ahovad  dimlnlahad  oorroaton  raalatanea  after 
axpoaura  to  thead  vibrationa  In  vatar  and  water-baaed 
cleaners,  but  wera  not  affactad  altar  axpoaura  to  ultra* 
aonlea  vhan  trichloroethylene  vaa  uaad  aa  tha  medium. 
Phoaphata-coaiad  panels  ultraaonlcally  cleaned  and  than 
treated  with  supplementary  oil  (MZL-L-644)  exhibited 
relatively  the  same  corroalon  raalatanea  aa  oiled  phoa- 
phated  panela  not  exposed  to  ultraaonlc  vibrationa.  Teat 
procedure  Is  given  end  result  a  are  dlaeuaaed. 
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OBJECTIVE 

To  etudy  the  affact  ol  ultrasonic  cleaning  on  the  corrosion 
resistancs  of  phosphate-coated  panels. 

CONCLUSIONS 

1.  A  vatsr  dip  of  phosphatsd  panala,  followed  by  immediate 
drying,  doas  not  destroy  tha  chronic  acid  seal  or  raduea  tha 
corrosion  rasistanca  of  tha  panals. 

2.  Ultrasonic  cleaning  of  sine  and  manganasa-phosphatad 
surfaces  in  water  or  water-based  cleaners  produces  areas  on  tha 
surface  where  corrosion  resistance  is  reduced. 

3.  Ultrasonic  cleaning  of  sine  or  manganese -phosphated 
plocea  in  trichloroethylene  does  not  altar  tha  corrosion  raslstanaa 
of  the  coated  panel. 

6.  Zinc  or  manganese-phosphated  panels  treated  with 
supplementary  preservative  oil,  MXL-L-644,  subsequent  to  ultrasonic 
cleaning  In  water  or  water-based  cleaners  have  tha  same  resistance 
to  corrosion  as  oiled  panels  not  exposed  to  ultrasonle  cleaning 
in  these  media. 

5.  The  exposure  time  in  excess  of  one  minute  has  little 
effect  on  the  quai;?-ty  of  corrosion  produced  on  phosphated  panels. 

RECOMMENDATION 

Ultrasonic  donning  of  phosphated  components  end  assemblies 
should  be  recognli.*!  a h  an  acceptable  process. 


-I- 
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1,  INTRODUCTION 

Ultrasonic  cleaning  it  tha  uac  of  high* frequency  mechanical 
vibrations,  usually  in  liquids,  for  the  purpose  of  removing  foreign 
nutter  (dirt)  from  solid  pieces.  The  process  has  bean  used  euoeaea- 
fully  by  Industry  to  remove  lapping  compounds,  oils,  and  graasas 
from  a  variety  of  components. 

Ultrasonic  claaning  is  currently  being  uaed  to  clean  M14  rifle 
components,  prior  to  packaging  at  tha  Springfield  Armory.  Most  of 
these  components  have  been  phosphate-coated  to  provide  a  black 
nonreflectiva  surface  and  to  protect  the  part  from  corrosion.  The 
effect  of  this  ultrasonic  cleaning  on  phosphate  coatings,  while 
known  to  be  less  harmful  than  the  hand- scrubbing  uiathod  previously 
employed,  was  not  known  and  no  information  could  be  found  in  the 
literature. 

An  Investigation  was  initiated  to  study  the  affect  of  theae 
high-frequency  vibrations  (27  KC)  on  phosphate  coatings,  both  sine 
and  manganese,  in  various  types  of  cleaning  solutions  uaed  at  the 
Springfield  Armory  and/or  by  contractors.  The  results  of  this 
investigation  are  outlined  in  this  report. 

2.  PROCEDURE 

a.  Preparation  of  Teat  Specimens. 

Except  where  indicated  in  this  report,  panels  of  1020  type 
steel,  1/32"  x  2"  x  4",  were  degreased,  grit-blasted,  sine  or  caan- 
ganeee  phoapheted,  end  given  a  standard  chromic  acid  dip. 

b .  Effect  of  Water  on  Chromic  Acid  Saalad  Pane la , 

(1)  Fifteen  steel  panels  (1  -  15)  were  manganese- 
phosphated  aa  stated  in  paragraph  a,  above.  Ten  additional  panel* 
(16  -  25)  were  mAnganeae-phoaphated  similarly  axcapt  that  the 
chromic  acid  seal  was  omitted  (Table  I).  These  panels  wsra  then 
subjected  to  the  aalt  spray  teat. 
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PROCEDURE  -  Continued 


TABLE  I 

Treatment  af  Phosohatcd  Panda 


gfMli 
1*5  * 

6  -  10  * 

11  -  15  * 


16  -  20  ** 
21  -  25  ** 


IgiLlhgiBhifaL  Ittittmt 

Used  as  standards  for  aalt  spray 

Dlppad  5  mlnutaa  In  dlatlllad  water, . 
dried,  and  axposed  to  aalfe-apray  test 

Plaead  In  ultrasonics  and  dlstlllsd 
water  for  S  minute*,  dried,  and  exposed 
to  salt  spray  test 

Used  as  standards  for  salt-spray  teat 

.  n 

Placed  in  ultrasonics  and  distilled,  water 
for  5  minute*,  dried,  and  exposed  to 
salt  spray  test 


*  With  chromic  acid  dip 
**  Without  chromic  acid  dip 

(2)  Th<.  purpose  of 'these  preliminary  experiments  was 
to  determine  whether  tho  coating  is  damaged  by  a  water  dip  only 
or  by  the  ultrasonic  action. 

c.  Detennliw.it Ion  of  Optimum  Exposure  Time  to  Ultrasonics. 

Phosphate!  panels  vers  expossd  to  ultrasonics  in  water 
for  periods  from  1  to  5  minutes  each  to  determine  the  minimum 
exposure  time  to  obtain  corrosion.  All  panels  vara  plaead  in  a 
•alt-spray  chamber  lor  one  hour  and  axamlned  for  tha  effect  of 
ultrasonic  exposure  time  on  corrosion. 


REPORT 

SA-TR16-U22 

PROCEDURE  •  Continued 


Sine  end  manganese -phosphated  panel •  wore  exposed  to  ultra¬ 
sonics  In  combination  with  water,  water  plus  detergents,  proprietory 
cleaning  solutions,  and  trichloroathylene.  These  panels  were  compared 
with  phosphated  panels  not  expoasd  to  ultrasonics  for  evidence  of 
corrosion,  after  exposure  to  salt-spray  testing.  The  exposed  panels  ' 
and  standard  (not  exposed  to  ultrasonics)  panels  were  chocked  every 
half  hour,  to  a  maximum  of  three  hours,  for  evldsnce  of  oorroslon 
while  in  the  salt  spray  cabinet.  All  panels  were  rated  for  degree 
of  corrosion  on  the  basis  of  light,  moderate,  and  heavy  rust,  snd  the 
time  requited  to  reach  each  stage  was  noted. 


Five  slue  and  five  manganese  phosphated  panels  were  placed 
in  water  and  exposed  to  ultrasonics  for  one  minute,  air-dried,  and 
coated  with  protective  oil  meeting  Specification  MXL-L-644.  These 
panels  plus  five  standard  fine  and  five  manganese  panels,  also  ollad, 
were  placed  in  a  humidity  cabinet  at  110°F  and  100  per  cent  relative 
humidity  for  six  weeks  so  that  the  corrosion  resistance  of  oil-coated, 
ultraaonically  cleaned,  pin  uphated  panels  could  be  studied.  These 
panels  were  inspected  dally  for  evidence  of  corrosion,  weekends 
excepted. 


3.  RESULTS  AND  DISCI'S!! T  ’  ‘ 


Effect  of  Watei  Chromi c  Acid  Sealed  Paneli 


(1)  The  results  >f  experiments  conducted  to  determine  the 
effect  of  the  water  dip  o  >  t. he  corrosion  resistance  of  chromic  eeld 
seeled  phosphated  panuls  ■  .  i  <  Riven  in  Table  II. 
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RESULTS  AND  DISCUSSION  -  Continued 


TASLE  XI 


Effect  of  Weti 


Tim*  Panel 
Expoeed  to 
Salt-Spray  Teat 


t  Veryt  t 


i  Very 


1  -  Sa 
6-  10a 
1  l-15a,c 


1 h -  20b 


2  -25b,c 

1  -  5 


11-15 


r  20 


2!  -25 


1-1/2 


11-15 


Hi- 20 


21-25 


T.  With  chromic  acid  dip 

b.  Without  chronic  acid  dip 

c.  Ultraeoulcally  treated 
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RESULTS  AND  DISCUSSION  -  Continued 

(2)  Panda  1  -  S  and  6-10  exhibited  no  avidanea  of  ruat 
aftar  1  hour  of  expoaura  and  light  ruat  aftar  1*1/2  houra  of  exposure 
to  tha  aalt  spray.  Panala  11  •  19  wars  moderately  eovroded.  wheraaa 
panala  16  *  20  were  heavily  aerradad  aftar  both  1  hour  and  1*1/2  houra 
In  tha  aalt  apray.  Panala  21  -  29  wart  haavlly  aorradad  aftar  1  hour 
and  vary  haavlly  eorcodod  aftar  1-1/2  houra.  It  was  apparant  that  tha 
water  dip  In  which  panala  6  -  10  vara  plaaad  prior  to  eorroa Ion* taa tins 

did  not  aooalarata  ruat  formation.  Tha  moderate  ruat  on  panala  11  -  19 
iiidleataa  that  tha  ultvaaonle  olaanlng  advaraaly  affaetad  tha  ehromle 
add  aoalad  phoaphata  coating.  Tha  raaulta  an  panala  16  -  29  aha*  that 
tha  vatar  dip  on  panala  1-10  did  not  affaet  or  laaeh  out  tha  ahVMle 
acid  aaal  from  thaaa  panala.  otherwise  thaaa  panala  would  elao  have 
axhibltad  haavy  eorroaion.  It  vaa  not  poaalbla  to  determine  tha  affaat 
of  ultraaonlea  In  tha  caaa  of  panala  21  through  29  baaauaa  of  tha  vary 
haavy  eorroaion. 

b.  Determination  of  Optimum  Exposure  Tima  to  Ultrtaonlfll. 

It  oan  ba  #een  from  tha  taat  raaulta  in  Table  III  that  the 
tima  a  apaclman  va»  existed  to  water  plus  ultraaonlea.  in  oxooss  of 
one  minute,  had  little  influanca  on  tha  quantity  and  rata  of  ruat 
formation. 

TABLE  III 

Influanca  of  Tima  of  Expoaura  to  Ultraaonlea 
on  Con  n  i  lonTVlM’hosphatsd  Panola  * 


Tima  Expoaad 
to  Ultraaonlea 

(min)  Patv 

J_* 

Tima  Expoaad 
to  Salt  Spray 
(hr) 

p«m  &LM 

1 

26  • 

■  JO 

1/2 

Nona 

1 

Medium 

1-1/2 

Heavy 

2 

31  ■ 

■  J3 

1/2 

Nona 

1 

Medium 

1-1/2 

Haavy 

3 

36  • 

■  40 

1/2 

Nona 

-1 

Medium 

1-1/2 

Vary  Baavy 
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RESULTS  AND  DISCUSSION  -  Continued 


Ultrasonic  high- f requaney  vlbratlona  adversely  affietad 
eorroaion  resistance  vhan  uaad  with  water  and  vatar-baaad  datargant 
aolutiona.  Corroaion  appeared  earlier  than  on  tha  atandarda  and 
was  mora  profuaa  aa  tha  tast  prograaaad  (Figures  1  and  2). 

Certain  pattarna  vara  not lead  (Photograph  1)  on  tha  phoaphatad 
panala  altar  exposure  to  ultraaonlea  in  tha  vatar  and  vatar-baaad 
datargant a.  Moat  of  tha  aarly  ruat  vaa  formed  in  thaaa  pattern 
araaa  during  eorroaion  tasting  (Photograph  2).  Tha  phoaphatad 
panala  exposed  to  ultraaonlea  vlth  trichloroethylene  and  tha 
proprietory  compound  compared  favorably  eorroelonviae  with  tha 
atandarda,  and  thaaa  pattarna  vara  not  obaorvad.  Tha  data  on 
thaaa  raaulta  ava  praaantad  in  Piguraa  3  and  4, 


No  algnlflcant  difference  in  eorroaion  raalatanca 
eould  be  noted  between  ultraaonically  elaanad  line  and  nanganeaa 
phoaphatad  panela  protected  with  aupplamentary  oil  (MXL-L-A44)  and 
atandard  alnc  and  mangancae,  not  ultraaonically  elaanad,  but 
eoatod  with  the  eame  oil,  The  flrat  eorroaion  appaarad  on  all 
panela  after  33  days'  exposure  in  tha  humidity  cabinet.  Aa  tha 
test  continued,  the  progressive  ruat  formation  appaarad  to  be 
equal  on  most  panels,  The  experimental  evidence  reported  above 
le  summarised  In  Table  IV. 
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RESULTS  AND  DISCUSSION  -  Oontlnuad 

TABLE  IV 

Corroaton  Raalatanca  eg  Phoaphata d  Pinal* 
Treated  with  Supplementary  nrocadfclWBtt 


Ultra- 
aontoally 
Panale  Cleaned 

Type 

Phoaphata 

Coatinn 

Daya  Expoaed  to  Hunltfley  Cabinet 

A _ U _ 12 _ 41. 

41*43  Yea 

Etna 

A 

B 

C 

D 

46-30  No 

2ine 

A 

B 

C 

D 

31-33  Yaa 

Manganaaa 

A 

B 

c 

D 

l 

36-30  No 

Manganaaa 

A 

B 

c 

0 

A  -  No  Ruat 

B  •  Vary  Light  Runt 

C  -  Light  Ruat 

D  •  Moderate  Ruat 

Although  thore  1*  uome  detoctable  damage  rtaulelng  from  eha 
ultraeonlc  cleaning  of  plioKphalc  coating*  In  aqueous  madia,  the  uaual 
ordnance  practice  of  application  of  supplementary  protective  olla  to 
phoaphatod  aurfacoa  prccludeu  this  damage  from  being  algnlfloanC  or 
important.  It  la  apparent  that  the  coating  remaining  after  ultraaonlo 
cleaning  la  aufflcient  to  absorb  the  oil  and  to  provide  eatiafaetnry 
corroalon  resistance. 
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Appendix  A-  Figure* 
Appendix  B  -  Photograph* 
Appendix  C  -  Distribution 


9 


1 


REPORT 

8A-TR16-1122  APPENDIX  A 


Flgurea 


No.  Hill  Contlon 

1  Effect  of  Ultraaonie  01««nln|  In  Water  and 
Water  plus  Dotorganea  on  tine  Phoaphatad  Panala 

2  Iffaot  of  Ultraaonie  Claanlng  In  Water  and 

Watar  plua  Deterganta  on  Manganaaa  Phoaphatad  Panala 

3  Effaet  of  Ultraaonie  Claanlng  of  Manganaaa 
'hoaphatad  Panala  In  Trlehloroathylena  and 
Proprietary  Compound 

4  affect  of  Ultraaonie  Cleaning  of  Zlne  Phoaphatad 
Panala  In  Trlehloroathylena  and  Proprietary  Coaqpound 
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A-  No  Ruat  ' 

©»;Watar  ■ 

B  r  Vary  Ll|ht  Ruat 

*-  Wafcar  and  Datargant 

:  C  f  U*ht  Ruat 

4*.  No  Claanlni 

1  D  •  Hodapata  Ruat 

f  ■  ■  *  *  t  1 

1  •  Haavy  Ruat 

» 

P  -  Vary  Haavy  Ruat 

w 

r  —  •  ■  » 


Time  In  S«le  Spray  (Hour*) 

. :  i  :  i  1  I  p — :'T  ' 

FIGURE  2.  EFFECT  OP  ULTRASONIC  CLEANING  |IN  WATER  AND  ■  , 
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Photograph* 


H2j l  liUUtotlan 

19-038-1232/AMC-64  Manganoao  and  Zlne  Phoaphatad  Panala  altar 
Expoaura  to  Ultraaonlo  Cltanlng  in  Vatar 
aa  Compared  with  Standard* 

19-038-1 233/AHC-64  Manganaaa  and  Zlne  Phoaphatad  Ultraaonleally 
Cleanad  and  Taatad  for  Two  Hour*  in  Salt  Spray 
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Legend 

1  =  Manganese  Phosphated 


